ABSTRACT. Quercetin, a dietary flavonoid abundant in fruits, vegetables, and herbs, presents various pharmacological effects. This study aimed to investigate the anti-inflammatory effect and the underlying mechanism of quercetin in lipopolysaccharide (LPS)-stimulated human peripheral blood mononuclear cells (PBMCs). Cell viability was measured by the Cell Counting Kit-8 assay. The mRNA expression of Toll-like receptor 2 (TLR2) was assessed by quantitative real-time polymerase chain reaction. Inflammatory cytokine secretions and nuclear factor (NF)-kB levels were analyzed by enzyme-linked immunosorbent assay. Our findings showed that quercetin significantly reduced LPS-induced cytotoxicity in human PBMCs. Quercetin suppressed the secretion of tumor necrosis factor-a, interleukin (IL)-1b, and IL-6 in LPS-stimulated human PBMCs. Moreover, quercetin reduced the LPS-induced increase in the expression of TLR2 mRNA and decreased the NF-kB concentration in LPS-stimulated human PBMCs. The data indicates that quercetin plays an important role in 
INTRODUCTION
There is an increasing evidence that the innate immune system is important in initiating the inflammatory cascade. Toll-like receptors (TLRs) play a key role in the recognition of exogenous pathogen-associated molecular patterns during the pathogenesis of sepsis, inflammatory bowel disease, adult respiratory distress syndrome (ARDS), and other local or systemic inflammatory disorders (Cohen, 2002; Jiang et al., 2005 , Strober et al., 2007 . TLRs are a family of type-1 trans-membrane receptors that emerge as key receptors of the innate immune system (Pestka and Zhou, 2006) . The TLR family is composed of 10 members (TLR1-TLR10) in humans and 12 members (TLR1-TLR9, TLR11-TLR13) in mice (Akira, 2006) . Among the mammalian TLR family, TLR2 has received particular attention because it is involved in the signaling pathway of the lipopolysaccharide (LPS) receptor complex (Werts et al., 2001) . LPS, a component of the Gram-negative bacterial cell wall, induces inflammatory responses and leads to the disturbance of immune system function (Guha and Mackman, 2001) . Moreover, previous studies reported that LPS significantly elevated the expression of inflammatory cytokines including tumor necrosis factor (TNF)-a, interleukin (IL)-1b, and IL-6 in normal rat kidney epithelial cells (Li et al., 2015) and activated the TLR2/ nuclear factor (NF)-kB signaling pathway following LPS-induced acute lung injury in mice (Tianzhu and Shumin, 2015) and rats (Zhu et al., 2016) . Activation of TLR2 signaling can lead to NF-kB translocation, which induces inflammatory cytokine expression (May and Ghosh, 1998) . Taken together, these results reveal that the TLR2-NF-kB signaling pathway plays an important role in LPS-induced inflammation.
Quercetin, one of the polyphenolic flavonoids, has been found in red grapes, red wine, tea, apples, citrus fruits, cherries, broccoli, and other leafy green vegetables. Quercetin presents various pharmacological effects, such as antioxidative (Gomes et al., 2014; Yang et al., 2014) , anti-inflammatory (Morikawa et al., 2003) , antidiabetic (Vessal et al., 2003) , and antiobesity effects (Ahn et al., 2008) . Quercetin was reported to inhibit the activation of NFkB and p38 mitogen-activated protein kinase in calcium ionophore A23187-stimulated human mast cell line HMC-1 cells (Min et al., 2007) . Previous studies demonstrated that quercetin could ameliorate inflammation induced by LPS (Angeloni and Hrelia, 2012; Yu et al., 2013; Takashima et al., 2014) . However, the molecular mechanism of the anti-inflammatory effect of quercetin is still poorly understood. Here, we focus on the effect of the flavonoid quercetin on the mRNA expression of TLR2 and NF-kB activation in LPS-stimulated human peripheral blood mononuclear cells (PBMCs).
MATERIAL AND METHODS

Materials and reagents
Quercetin and LPS were purchased from Sigma (St. Louis, MO, USA). ELISA kits for NF-kB, TNF-a, IL-1b, and IL-6 were obtained from Shanghai Westang Biotechnology Co., Ltd. (Shanghai, China). The Cell Counting Kit-8 (CCK-8) was purchased from Shanghai Beyotime Biotechnology Co., Ltd. (Shanghai, P. R. China). Trizol regent was obtained from Invitrogen (Carlsbad, CA, USA) and DNase І was from Promega (Madison, WI, USA). Reverse transcriptase Moloney murine leukemia virus and QuantiTect SYBR Green real-time PCR kits were purchased from Toyobo Co., Ltd. (Osaka, Japan).
PBMC isolation
PBMCs were isolated from the peripheral blood of healthy human volunteers as described previously (Jenny et al., 2011) and collected in heparinized tubes. Separation of human PBMCs was performed using density centrifugation with Lymphoprep (Fresenius Kabi Norge AS, Oslo, Norway) (Dijkstra et al., 2007) . Isolation was carried out under sterile conditions to prevent monocyte activation.
Cell culture and treatments
The isolated human PBMCs (1 x 10 8 /mL) were resuspended in RPMI 1640 medium and seeded onto flat-bottom plates overnight (37°C, 5% CO 2 , humidified atmosphere). Then, these were divided into five different groups. Group I was the normal control group and Group II was treated with 10 mg/mL LPS as a model group. Groups III, IV, and V were pre-treated with 10 mg/mL LPS for 1 h and then 25, 50, and 100 mM quercetin, respectively, were added and cells were maintained in culture for 24 h (37°C, 5% CO 2 , humidified atmosphere).
Human PBMC viability assay
After incubation of human PBMCs, cell viability was evaluated using CCK-8 according to the manufacturer recommendation and was measured colorimetrically on a microplate reader (Thermo Fisher Scientific, Waltham, MA, USA) at 450 nm.
ELISA
After centrifugation (10 min at 25°C), the human PBMC culture supernatants were harvested, protein was extracted from the supernatants of monocytes, and protein concentrations were determined using the bicinchoninic acid protein assay kit (Thermo Fisher, Waltham, MA, USA). The concentrations of NF-kB, TNF-a, IL-6, and IL-1b were then determined by commercial ELISA kits following the manufacturer instructions. NF-kB, TNF-a, IL-6, and IL-1b concentrations are expressed as pg/mL.
Quantitative RT-PCR
Total RNA was isolated from human PBMCs using the total RNA isolation system according to the manufacturer recommendations. The purities and concentrations of the RNA were determined with a spectrophotometer. RNA reverse transcription was performed using PCR primers. The expression of TLR2 mRNA in the normal control, model, and quercetin-treated groups was detected by qRT-PCR according to the manufacturer instructions. The primers for TLR2 and 18s RNA were as follows: TLR2 (221 bp) (F: 5'-ACTTCTCCCATTTCCGTCTT-3'; R: 5'-GGACTTTATCGCAGCTCTCA-3'); for 18s RNA (162 bp) (F: 5'-CCTGGATACCGCAGCTAGGA-3'; R: 5'-GCGGCGCAATACGAATGCCCC-3'). For mRNA quantification, the Fast Start Universal SYBR-Green Master mix (Roche Applied Science, Mannheim, Germany) was used. The reaction conditions for PCR were 5 min at 95°C followed by 40 cycles of 15 s at 95°C, 15 s at 60°C, and 32 s at 72°C. The specificity of the amplification was confirmed using a melting curve analysis. Relative expression values were expressed by normalizing to the expression of 18s RNA. The size of the PCR products was confirmed by agarose gel electrophoresis.
Statistical analysis
All data are reported as means ± SD. Statistical analysis was performed with SPSS version 12.0 for Windows (SPSS, Chicago, IL, USA). Statistical differences between groups were determined using one-way analysis of variance followed by a post hoc test (Fisher's least significant difference test) when appropriate. A value of P < 0.05 was considered statistically significant.
RESULTS
Quercetin reduces LPS-induced cytotoxicity in human PBMCs
To examine the effect of quercetin on human PBMC viability in vitro, LPS was used to simulate inflammatory conditions in the cell cultures. As shown in Figure 1 , LPS significantly inhibited cell viability compared with the normal control group (P < 0.01), showing obvious cytotoxicity in human PBMCs. However, treatment with quercetin (25 mM: P < 0.05; 50 and 100 mM: P < 0.01) greatly increased human PBMC viability, almost reaching the normal level. 
Quercetin suppresses LPS-induced over-secretion of TNF-α, IL-1β, and IL-6 in human PBMCs
To determine the effect of quercetin on LPS-induced inflammation, we measured the secretion of inflammatory cytokines in human PBMCs. Elevated TNF-a (P < 0.01; Figure 2A ), IL-1b (P < 0.05; Figure 2B ), and IL-6 (P < 0.01; Figure 2C ) concentrations were observed in human PBMCs compared to that in the normal control group. Simultaneously, these alterations in LPS-stimulated human PBMCs were restored by the treatment with quercetin. As shown in Figure 2 , quercetin treatment at all dosages significantly decreased the concentrations of TNF-a (25, 50, and 100 mM: P < 0.05), 50 , and 100 mM: P < 0.05), and IL-6 (25 mM: P < 0.05; 50 and 100 mM: P < 0.01) in LPS-stimulated human PBMCs. IL-1b (B) , and IL-6 (C) levels were measured by commercial ELISA kits, respectively. Data are reported as means ± SD (N = 3). # P < 0.05, ## P < 0.01 compared with normal control group; *P < 0.05, **P < 0.01 compared with model group.
Quercetin inhibits LPS-induced TLR2 mRNA overexpression in human PBMCs
Then, we investigated the TLR2 mRNA levels by qRT-PCR followed by densitometry. Compared with the control group, TLR2 mRNA levels markedly increased in the model group (P < 0.01; Figure 3) . However, quercetin treatment at all dosages (25 mM: P < 0.05; 50 and 100 mM: P < 0.01) significantly reduced the LPS-induced increase in the expression of TLR2 mRNA in this model. ## P < 0.01, compared with normal control group; *P < 0.05, **P < 0.01 compared with model group.
Quercetin decreases NF-κB levels in LPS-stimulated human PBMCs
We investigated whether quercetin affected NF-kB levels in LPS-stimulated human PBMCs. Figure 4 shows that 10 mg/mL LPS greatly increased NF-kB concentrations in human PBMCs (P < 0.01) compared with the normal control group. More importantly, 50 and 100 mM quercetin significantly decreased NF-kB concentrations in LPS-stimulated human PBMCs (P < 0.05). 
DISCUSSION
Over-reaction to LPS has been implicated in clinical conditions such as septic shock, inflammatory bowel disease, ARDS, and other local or systemic inflammatory disorders (De Saedeleer et al., 1991) . Quercetin, as a flavonoid molecule ubiquitous in nature, was reported to ameliorate LPS-induced systemic inflammation in mice (Liao and Lin, 2015) and suppress inflammation in LPS-induced acute lung injury in rats (Huang et al., 2015) . Cytokines, secreted from monocytes and other activated immune cells, play an important role in the regulation of inflammatory responses induced by LPS. TNF-a, IL-1b, and IL-6, major pro-inflammatory cytokines, are involved in the pathogenesis of inflammatory diseases. A previous study reported that quercetin administration markedly decreased the production of TNF-a, IL-1b, and IL-6 in bronchoalveolar lavage fluid cells activated by LPS (Takashima et al., 2014) . Moreover, quercetin could inhibit TNF-a gene expression in normal human PBMCs via modulating the NF-kB pathway (Nair et al., 2006) . In the present study, increased concentrations of TNF-a, IL-1b, and IL-6 were observed in LPS-stimulated human PBMCs. Quercetin was found to decrease TNF-a, IL-1b, and IL-6 secretion in this model. The results suggest that quercetin has the ability to ameliorate LPS-induced inflammation in human PBMCs.
It is clear that TLRs play a critical role in LPS-induced inflammation (Akira et al., 2001) . TLR family members are expressed differentially among immune cells, and TLR2 is expressed in human monocytic cell lines and human monocytes (Medzhitov et al., 1997) . In the present study, we found that the mRNA expression of TLR2 was significantly elevated in LPS-stimulated human PBMCs in comparison to the normal control group, which suggests that TLR2 signaling may play an important role in LPS-induced inflammation in human PBMCs. Treatment with quercetin resulted in significant inhibition of the mRNA expression of TLR2 in LPS-stimulated human PBMCs.
Activated TLRs trigger the downstream stimulation of NF-kB, thereby reducing the activation of key inflammatory mediators (May and Ghosh, 1998; Sabroe et al., 2008) . NF-kB, a nuclear transcription factor, is a regulator of inflammatory processes (Jeong et al., 2014) . Previous studies demonstrated that treatment with quercetin inhibits LPS-induced NF-kB activation in RAW 264.7 macrophages (Cho et al., 2003) . In the present study, LPS greatly increased NF-kB concentrations in human PBMCs compared with the normal control group. The treatment with quercetin significantly decreased the elevated concentration of NF-kB in LPS-stimulated human PBMCs. The results suggest that quercetin suppresses LPS-induced inflammatory responses possibly via inhibiting the TLR2/NF-kB signaling pathway activation in human PBMCs. However, further investigation is also needed to clarify the precise mechanism by which quercetin inhibits over-expression of TLR2.
In summary, we provide evidence to show that treatment with quercetin has potent protective effects against LPS-induced inflammation in human PBMCs via suppression of LPS-induced TLR2/NF-kB signaling pathway activation. Therefore, the present study may provide an experimental basis for further clinical applications of quercetin for the treatment of inflammatory diseases due to over-reactive inflammatory response. However, further investigation is also needed to clarify the precise mechanism by which quercetin inhibits the over expression of TLR2.
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